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                                                     Abstract


Chapter 1: Biotechnological processes for the removal of dissolved sulfides (S2-) and Hydrogen sulfide (H2S) 
Gaseous sulfides (H2S) and Dissolved sulfides (S2-) emits into environment by different industrial activities, which includes paper and pulp industry, viscous rayon, petroleum refineries, petrochemical industries, bulk drug industries, anaerobic treatment of sulfate rich wastewater. Sulfide discharge into environment leads corrosion of sewer pipes, reduction in pH of receiving water bodies, reduction in dissolved oxygen concentration, bad odor. Various methods physcio-chemical methods are available for the treatment of sulfides emitting from different sources. Chapter 1 of this thesis has discussed the sources of sulfides in the environment, their toxic affects and available physical and chemical removal methods. Chapter 1 also discussed the biological sulfur and mediation of sulfur microbiology for the removal sulfides. 
Various sulfur oxidizing bacteria and their metabolism is discussed in detail. Sulfur is the immediate metabolic product in the biological sulfide oxidation process. Sulfate will form if there is a direct contact between elemental sulfur and cells. Autotrophic colorless Thiobacillus cultures are better for the sulfide oxidation process as their metabolism and nutritional requirements are simple when compared with other sulfur oxidizing bacteria. Dissolved sulfides could be treated in reactor using immobilized cells to reduce the formation sulfates. Hydrogen sulfide gas can also be treated efficiently in biofiltration process using sulfur oxidizing bacteria. and a In conclusion to Chapter 1 it was summarized that autotrophic sulfur oxidizing bacteria (SOB) are more useful for the sulfur oxidation in techno-economical perspective and ease of process operation. At the end of chapter 1 it was also concluded that isolation of autotrophic sulfur oxidizing bacteria could be done from different habitats. To reduce the sulfates formation cells could be immobilized using suitable matrix. 
Development of microbial processes for the removal of water dissolved sulfide and gaseous sulfide (H2S) is highly essential in order to gear up the industries to 
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operate in the global environment of new regulations. Therefore, in order to fill up the technological gaps in the area of biotechnological treatment of gases and liquid, the following aims and objectives are addressed in the present work. 
Chapter 2: Isolation, identification and characterization of Thiobacillus sp. from aerobic sludge of distillery and dairy effluent treatment plants 
Chapter 2 deals with the isolation of the SOB from different habitats by using standard microbiological methods and their identification. Thiobacillus sp. are extensively used worldwide for removal of both organic and inorganic sulphur compounds in wastewater; however, a little used in India. In the present study, two strains of Thiobacillus sp. were isolated from aerobic sludge of distillery and dairy effluent treatment plant using standard methods of isolation and enrichment. Experiments were conducted using isolated cultures in batch bioreactor with initial sulfide concentration of 75 and 150 mg/l. The effect of initial sulfide concentration on the activity of isolated Thiobacillus sp was studied. Sulfide oxidizing capacity was also determined at above initial concentrations of sulfide. 
The two isolated SRB strains, 5 Days old cultures are viewed under scanning electron microscopy for various characteristics like size and shape. Standard plate count method is used for the colony count at different serial dilution ranging from 10-1 to 10-10 and the cell count is in the range of 7x105 and 4x107 cells/ml for IICT-SOB-DAIRY-201 and IICT-SOB-DIST-210 respectively. The results of gram staining for both the isolated SOB’s from their native sources are negative. 
The results from the study also indicate the possible isolation of Thiobacillus cultures from native source and its application in the full-scale reactor. Two cultures were isolated from dairy and distillery wastewater treatment plant sludge. The two isolated SOB’s were identified by various physiological, morphological and biochemical properties and concluded that the cultures belongs to genera Thiobacilli. Based on the sulfide oxidation and sulfate formation ability, one SOB culture isolated from distillery wastewater treatment plant sludge was selected and further studies were carried out under different conditions to treat sulfides. The 
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culture was also identified by the 16sRNA phylogenetic analysis and based on the comparison with gene bank data it was named as Thiobacillus sp. Growth medium was optimized by using response surface methodology as a statistical tool. 
Chapter 3: Studies on immobilization of Thiobacillus sp. for sulfide oxidation 
Thiobacillus sp cells were immobilized using different immobilizing matrices such as calcium alginate, carrageenan, and agar (entrapment method), activated carbon, and polyurethane (adsorption) were used for the sulfide oxidation. Thiobacillus sp. was immobilized in various matrices and tested for the sulfide oxidation. 
Based on the results obtained by the sulfide oxidation calcium-alginate immobilization method was used for further studies. Different parameters like alginate concentration, CaCl2 concentration, bead diameter, and curing time were studied for optimal immobilization conditions with calcium alginate matrix. Different concentrations of Na-Alginate in the levels of 1, 2, 3, 4 and 5% were tested to determine the optimal concentration for increased sulfide oxidation. The concentration of the cationic solution was one the most significant factor affecting bead stability. Different CaCl2 concentrations/ curing were studied to see the effect of bead hardening/strength which directly influences on the diffusability of substrates and products thus influences sulfide oxidation. To study influence of different CaCl2 concentrations on sulfide oxidation, the immobilization procedure was carried out with different concentrations of CaCl2 in the levels of 1, 2, 3, 4 and 5 %. Cell leakage and sulfide oxidation were determined. The effect of bead diameter on sulfide oxidation by different bead sizes in the range of 1, 2, 3, 4 and 5 (≈ mm diameter) was tested. The effect of curing time of alginate beads on sulfide oxidation and cell leakage also tested. The beads were cured in CaCl2 at optimum molar concentration for different time periods in the levels of 1, 3, 6, 12, and 18 h. 
These results indicated that the type of the entrapping matrix significantly affects the sulfide oxidation. Sodium alginate resulted in relatively high sulfide oxidation 
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when compared to other carriers. Maximum sulfide oxidation of 96 % was achieved with alginate matrix followed by k-carrageenan which produces 88%. However the adsorption methods resulted in complete oxidation of sulfide but resulted in more sulfate and thiosulfate formation. Hence further studies were carried out using ca-alginate immobilization method. Repeated batch experiments were carried out to test the reusability of ca-alginate immobilized beads for the sulfide oxidation. Further sulfide oxidation was tested in batch STR and FBR at different sulfide concentrations. 
Chapter 4: Fluidized bed bioreactor operation using immobilized Thiobacillus sp for sulfide oxidation 
4.1 Continuous operation of Fluidized Bed Bioreactor for biogenic sulfide oxidation using immobilized cells of Thiobacillus sp. 
In the present studies obligate autotrophic Thiobacillus sp. was isolated from aerobic sludge distillery effluent treatment plant and the experiments were conducted in a laboratory scale fluidized bed bioreactor for the biological oxidation of sulfide using Ca-alginate immobilized Thiobacillus sp. All the experiments were conducted in continuous mode at different sulfide loading rates of 0.018, 0.02475, 0.03375, 0.03825 and 0.054 and different hydraulic retention times of 5, 3.67, 2.67, 2.35 and 1.67 hrs by varying flow rates 2.4x10-4, 3.3 x10-4, 4.5 x10-4, 5.1 x10-4 and 7.2 x10-4. Sulfide conversions higher than 90% were obtained at almost all sulfide loading rates and hydraulic retention times. All the experiments were conducted at constant pH of around 6 and temperature of 30+50C. The sulfate production rate decreased and sulfur production rate increased while increasing the sulfide-loading rate to the reactor. 
4.2: Biological treatment of toxic petroleum spent caustic in fluidized bed bioreactor using immobilized cells of Thiobacillus RAI01 
Synthetic sulfide spent caustic effluent was prepared in the lab and at different concentrations of Sulfide by using sodium sulfide. Synthetic sulfide caustic effluent was mixed with 50 ppm of phenol to test the effect of its presence on the sulfide oxidation activity of the Thiobacillus sp. Further the caustic effluent was 
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treated in a fluidized bed reactor using Ca-alginate immobilized Thiobacillus sp. cells for sulfide oxidation under different loading rates. Varying caustic effluent inlet flow rates without changing initial sulfide concentration in the effluent varied the sulfide loading rates to the reactor. The reactor was operated at three different inlet flow rates, viz., 4.17x10-5, 5.56 x10-5 and 8.33 x10-5 m3/hr which resulted in HRT’s of 24, 18 and 12 hrs. This corresponds to the respective sulfide loading rates of 0.020833, 0.027778 and 0.041667 g-S/m3.hr. The samples are drawn at 24 hours frequency and analyzed for pH, Temperature, DO, sulfate sulfide, and thiosulfate. 
Chapter 5: Treatment of H2S gas in biofilter by immobilization of Thiobacillus sp on mixed agricultural residue 
Microbial removal of H2S, by using biofilter is gaining interest because of its obvious advantages besides being competitive. However, most of the installed biofilters were failing, as the operators were not aware of process parameters, which are important for appropriate operation of the biofilter. Furthermore, biofilters packed with natural materials were subjected to operating difficulties such as compacting or channeling. Therefore there is a need to identify new natural filter material which can overcome the aforesaid difficulties. 
In the present work, a new filter material from mixed agricultural residue was studied for the removal of H2S. This material is a combination of sawdust, bagasse, rice husk and coconut coir pith inoculated with Thiobacillus sp. This material was studied for various process parameters that are important for performance evaluation; specifically, for the effects of humidification and inlet concentration of H2S on the performance of biofilter. The study showed that mixed agricultural residue could be one of the best alternate biofilter bed materials for biofiltration of H2S. A suitable combination of four materials was worked out in order to retain the maximum moisture content. 
In the present study, the RE was around 99% at 1416 ppmv of inlet H2S concentration without mixing the filter media. It indicates that the new filter 
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material and their combination played a crucial role in retaining the MC during the operation and also lower pressure drop with good growth of Thiobacillus sp across the filter bed. Estimation of kinetic parameters is important and valuable tool in analyzing the biofilter process for H2S removal. In the present study, kinetic constants were estimated using three different plots i.e Lineweaver-Burk (LB), Hanse-Woolf (HW) and Eadie-Hofstee (EH). The SEM analysis has shown the good growth of Thiobacillus sp in the filter bed and hence the new material is good support for the immobilization.

